Abstract This paper examines how the physicochemical characteristics of the solids are related to foam formation and describes how the foaming potential of full-scale plants can be assessed. The relations among activated sludge and biological foam hydrophobicity, scum index, aeration tank cover and filamentous population are evaluated. Individual parameter comparison reveals the scumming intensity can be estimated only on the assumption that foams is already established. None of the above mentioned characteristics can be reliably used to predict the foaming episodes at wastewater treatment plants.
Introduction
At present stable biological foam production is one of the major microbiological problems experienced in activated sludge plants regardless of their technological scheme. Nevertheless, though the number of plants suffered by this trouble is high, so far there are no available methods to obtain clear indications to evaluate properly the phenomenon. Despite the number of studies focused on measurement techniques and quantitative characteristics describing foaming properties of activated sludge that have been made, it is still unclear how responsible filaments dominance is initiated or how the foam is stabilized.
Materials and methods
Activated sludge and biological foam samples examined were drawn from 9 full-scale wastewater treatment plants operating with different flowsheets (organic compounds removal, nitrogen removal, nitrogen and phosphorus removal). Consequently the taken samples were subjected to the determination of the following parameters for estimating the activated sludge capability to produce foam.
Microscopic analysis
Filamentous microorganisms were identified according to their morphology and Gram and Neisser staining reactions according to Jenkins et al. (1993) .
Scum index (SI)
First of all, the mixed liquor suspended solids concentration was determined. According to the modified procedure proposed by Pretorius and Laubscher (1987) 2 l of mixed liquor were placed into a laboratory cylinder and aerated with air at 480 ml/min through the sintered silica sand diffuser for 4 hours. Afterwards the dry mass of recovered scum was determined and the value was then used to calculate the scum index:
(1) For both the mixed liquor and foam hydrophobicity measurement two modifications A (Kocianova et al., 1992) and B (Rosenberg and Doyle, 1990 ) of MATH assay were used. Generally, this assay involves vortexing a sample suspension with a known volume of n-hexadecane, allowing phase separation to occur, and measuring the absorbance of the aqueous phase with a spectrophotometer. Thus, (2) where a means absorbance of aqueous layer after partitioning, A means unpartitioned absorbance.
Aeration lane foam cover
Foam cover of aeration basins was assessed visually as a percentage surface cover. Nonbiological foams were excluded from the results.
Results and discussion
Altogether 34 samples were analysed; of these 21 were mixed liquors and 13 biological foams. Microbiological composition of activated sludges can be described as follows: 38% of samples were dominated by Microthrix parvicewlla, 33% by M. parvicella in combination with others filaments (namely Type 0092, occasionally Nostocoida limicola and Type 0803) and 29% by microorganisms other than "foam forming" (Types 0961, 0914, 021N). Biological foams were dominated mainly by M. parvicella (84%), in 26% different filamentous microorganisms were identified (Type 021N, nocardioforms and Gram-positive rods/fragments).
Comparison of the two above mentioned methods used to evaluate hydrophobicity is given in Figure 1 . Regression line parameters show that both method modifications provided fully comparable data (Meloun and Militky, 1994) . Since the results could be obtained more easily by method A (no incubation at increased temperature, smaller volume of solvent), this modification could be preferred as a routine technique and therefore these values were used as reference for the subsequent correlations. Outcomes of two parallel hydrophobicity measurements varied between 0.1-7.4%.
As can be seen in Figure 2 , hydrophobicity of biological foams was surprisingly always higher than those of corresponding activated sludges. Whereas in our previous study (Hladikova et al., 2000) the fraction of cases where foam experienced higher hydrophobicity values was approximately 1/3 only, this conclusion cannot be considered as general.
Mutual relations of individual physicochemical characteristics representing the scumming capability are depicted in among activated sludge (and similarly biological foams) hydrophobicity, scum index and aeration lane cover can be found. Even though not statistically sufficiently remarkable, the only one promising increasing trend between scum index and coverage of activated basin is revealed in Figure 5 . However, it is necessary to point out that more data comparisons are needed (especially from the different biocenosis composition point of view) to verify if the relationship gives a consistent response.
Effect of M. parvicella abundance as the most common filamentous microorganism on the activated sludge hydrophobicity in Figure 6 shows that no linkage can be established between the above mentioned parameters.
On the other hand, as far as the hydrophobicity of foaming activated sludges only is concerned, the increasing tendency of both scum index and hydrophobicity with higher occurrence of M. parvicella is evident (Figures 7 and 8 ).
Conclusions
Conclusions can be summarized as follows:
• two modifications of hydrophobicity measurement exhibit no differences in the obtained results • among physicochemical parameters describing the foaming phenomena, scum index (which is correlated to aeration tank cover) and foaming activated sludge hydrophobicity together with microscopic analysis can be used to characterize the extent of scumming potential • the incidence of biological foams cannot be predicted only in terms of activated sludge hydrophobicity changes.
